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DYNAMIC TUMIOR TREATMENT SYSTEM 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001) This application claims the benefit of U.S. Provi 
sional patent application Ser. No. 60/492,796 filed on Aug. 
5, 2003 and entitled “Method For Generation Of Exportable 
Three-Dimensional Tumor Volumes From Radiographic 
Images And Other Digital Systems, And Real-Time Incor 
poration Of These Volumes Into Biopsy, Endoscopy, Sur 
gery, Radiation Therapy Planning, and Radiation Therapy 
Delivery Guidance”; U.S. Provisional patent application Ser. 
No. 60/508,117 filed on Oct. 2, 2003 and entitled “System 
For The Incorporation Of Intra-Operative Data Into Three 
Dimensional Volumes Used AS Targets During Surgical 
Guidance, And For The Mathematical Analysis Of Three 
Dimensional Target Volumes,” and US Provisional patent 
application Ser. No. 60/534,633 filed Jan. 7, 2004 and 
entitled “Software And Hardware Integrating The Isonu 
meric Volume-Based Imaging Format In An Oncology 
Patient-Management Workstation, For Rapid Response 
Assays With Or Without Image Creation, For Software 
Facilitating Dynamic Chemotherapy Administration, For 
Image Interpretation And Analysis, And For Advanced Real 
Time Image Guidance In Soft Tissue.” 

BACKGROUND OF THE INVENTION 

0002 The field of the invention is medical imaging, and 
particularly, the use of medical imaging in the treatment of 
CCC. 

0.003 Advanced imaging techniques for brain and other 
neoplasms acquire a variety of physiological data in addition 
to anatomic data. These include PET Scanning, conventional 
MRI, MRI-spectroscopy, diffusion imaging, SPECT, perfu 
Sion imaging, functional MRI, tumor hypoxia mapping, 
angiogenesis mapping, blood flow mapping, cell death map 
ping and other methods. In addition, it is anticipated that 
new and better agents for use in SPECT, PET, and other 
imaging will be created and/or identified. These techniques 
will lead to an improvement in the ability to differentiate 
tumor from normal tissue. 

0004 Traditional display of physiologic images is in 
Several ways insufficient. Physiologic images generated 
from sources such as PET and SPECT are indistinct (tumors 
have “blurry” borders), and are anatomically ambiguous. 
Fusion Software has facilitated the Viewing of neoplasms 
represented by PET and SPECT within the context of 
anatomic detail represented by CT. Integrated PET-CT and 
SPECTCT devices have improved registration and fusion of 
anatomic and physiologic imageS. Traditionally, fused 
images are viewed by fading between CT and physiologic 
images, ranging from 0% CT/100% physiologic images, to 
100% CT/0% physiologic images. 

0005. In present day treatment planning the creation of a 
three-dimensional treatment volume often involves the 
manual, Slice-by-Slice digital outlining of tumor on Sequen 
tial tomographic images at a computer WorkStation. Com 
puters are then used to convert cut-by-cut digital outlines 
into three-dimensional Volumes, which become targets for 
Surgical and/or radiation therapy planning. This proceSS is 
labor-intensive. More importantly, however this proceSS 
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relies on the judgment of the perSon, usually a physician, 
digitizing the Slice-by-Slice images. 

0006 There are several limitations associated with the 
reliance on human judgment in this capacity. First, different 
physicians have different levels of experience in interpreting 
Scans. Planning based on Volumes generated by inexperi 
enced physicians will be less accurate. Secondly, even for 
experienced physicians, interpretation of imaging findings is 
in many cases difficult, and in many instances based on “best 
guess' decision making. Even for experienced physicians, 
there will always be inter-observer variability. Thus, in 
research/protocol situations, outcomes data will not be 
directly transferable from institution to institution. 
0007 For imaging modalities such as spectroscopy or 
PET, particularly for tumors that invade adjacent structures 
or Soft tissues, the line between tumor and adjacent non 
tumorous Structures is Subjective and indistinct. This creates 
variability from cut to cut, patient to patient, and physician 
to physician. More importantly, however, it creates uncer 
tainty with regard to the optimal volume needed to maxi 
mize local control while minimizing dose (and damage) to 
adjacent Structures. 
0008 Traditional systems that display images or incor 
porate images into treatment processes consider imageS as 
physiologically homogenous. This is despite the fact that 
tumors are known to be physiologically heterogeneous. The 
limitations described above, related to display of a tumors 
outer boundary, also apply to display of a tumors internal 
heterogeneity. 

SUMMARY OF THE INVENTION 

0009. The present invention is a method and system for 
analyzing images of tumors for the purpose of diagnosis and 
treatment planning. More specifically, the System imports 
images that depict a tumor, produces isonumeric images 
from Such imported imageS which clearly indicate the 
boundary of a Selected tumor parameter threshold, Stores the 
isonumeric images for continued use and analysis, and 
analyzes isonumeric imageS produced. during the treatment 
proceSS. 

0010. The tumor contour depicted in an isonumeric 
image has broad applicability to physiologic imaging tech 
niques, including MRI, MR Spectroscopy (MRS), MRS 
Imaging (MRSI), perfusion imaging, additional functional 
MR techniques, PET, SPECT, and many other imaging 
processes. The combination of the isonumeric contour 
images, and mathematical methods designed to analyze 
relationships between and changes in Sets of isonumeric 
contourS is Superior to traditional methods of displaying 
images, and interpreting images. In addition, isonumeric 
images can be directly integrated into the processes of 
targeting external beam irradiation and brachytherapy, plan 
ning cancer Surgery, guiding cancer Surgery, and predicting 
and measuring the response to radiation therapy and Sys 
temic therapy (included but not limited to chemotherapy and 
hormonal therapy). A three-dimensional isonumeric contour 
image can be exported to therapeutic Systems and to Surgery 
guidance Systems. 

0011. By employing multiple thresholds, the isonumeric 
image depicts a corresponding plurality of 3D Surface con 
tours that define multiple tumor Volumes. Larger Volumes 
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include areas peripheral to the center of the tumor, areas that 
should in theory contain lower concentrations of tumor cells. 
Smaller Volumes on the other hand contain larger concen 
trations of tumor cells. Use of multiple Volumes generated 
from the Same image Set is very useful in determining 
therapeutic ratios during radiation therapy planning (if dose 
Volume histograms for normal Structures adjacent to tumor 
are particularly favorable, a radiation oncologist may decide 
to prescribe to a larger Volume), and Surgical guidance (a 
Surgeon may decide to remove a lesser or greater Volume of 
tissue during glioblastoma resection, depending on the rela 
tionship between the Volumes and critical anatomic or 
functional areas). 
0012. The foregoing and other objects and advantages of 
the invention will appear from the following description. In 
the description, reference is made to the accompanying 
drawings which form a part hereof, and in which there is 
shown by way of illustration a preferred embodiment of the 
invention. Such embodiment does not necessarily represent 
the full Scope of the invention, however, and reference is 
made therefore to the claims and herein for interpreting the 
Scope of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0013 FIG. 1 is a block diagram of a workstation which 
is programmed to practice the preferred embodiment of the 
invention; 

0014 FIG. 2 is a flow chart of the software executed by 
the workstation of FIG. 1 to practice the present invention; 
0015 FIG. 3 is a flow chart of the method for producing 
an isonumeric image which forms part of the Software of 
FIG. 2; 
0016 FIG. 4 is a flow chart of the method for analyzing 
the isonumeric image which forms part of the Software of 
FIG. 2.; and making treatment recommendations based on 
the analysis. 
0017 FIGS. 5A-5C are exemplary isonumeric images 
produced by the workstation of FIG. 1; and 
0.018 FIG. 6 is a display of a slice taken through an 
exemplary 3D isonumeric image with three contours. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

0019. The present invention may be implemented in a 
number of different ways. In the preferred embodiment it is 
implemented in a Stand-alone computer WorkStation; how 
ever, it can be appreciated that Some or all of the functions 
may be carried out in other Systems. Such as imaging 
Systems, PAC systems or therapeutic Systems. 
0020 Referring particularly to FIG. 1, the computer 
WorkStation includes a processor 20 which executeS program 
instructions Stored in a memory 22 that forms part of a 
Storage System 23. The processor 20 is a commercially 
available device designed to operate with one of the 
Microsoft Corporation Windows operating systems. It 
includes internal memory and I/O control to facilitate System 
integration and integral memory management circuitry for 
handling all external memory 22. The processor 20 also 
includes a PCI bus driver which provides a direct interface 
with a 32-bit PCI bus 24. 

Feb. 24, 2005 

0021. The PCI bus 24 is an industry standard bus that 
transfers 32-bits of data between the processor 20 and a 
number of peripheral controller cards. These include a PCI 
EIDE controller 26 which provides a high-speed transfer of 
data to and from a CD ROM drive 28 and a disc drive 30. 
A graphics controller 34 couples the PCI bus 24 to a CRT 
monitor 12 through a standard VGA connection 36, and a 
keyboard and mouse controller 38 receives data that is 
manually input through a keyboard and mouse 14. 

0022. The PCI bus 24 also connects to a communications 
controller 40. The controller 40 connects to an intranet that 
links the WorkStation to one or more imaging Systems, a 
department PAC system, or an institution image manage 
ment System. Images may be downloaded to the WorkStation 
from any Source connected to the intranet, from the internet, 
or from a CD. 

0023 Optionally, the PCI bus 24 may also connect to a 
therapeutic System through a therapeutic driver card 42. AS 
will be described below, computer data may be output 
through the therapeutic driver to program a therapeutic 
System to treat a patient, or may be downloaded to CD. 

0024. The dynamic tumor treatment system can be con 
figured to perform a number of different functions in the 
treatment of cancer. The configuration of the System and its 
operation are controlled through a user interface module 51 
that prompts the user with information that is output to 
display 12 and receives user information input through the 
keyboard and mouse 14. In the first preferred embodiment 
the System is configured for radiation therapy planning as 
shown in FIG. 2. In this configuration images may be 
imported from various Sources connected to the Intranet as 
indicated at process block 50. These may include MR 
images, X-ray CT images, PET images, SPECT images or 
MR spectroscopy imageS. Images are registered for display 
with a System coordinate System. This enables images from 
different Sources or different times during treatment to be 
imported and aligned with each other. Such registration may 
use fixed points in the acquired image or fiducials that are 
implanted in the patient for this purpose. Typically, an image 
modality is chosen that will contrast the particular tumor 
with Surrounding tissue or that measures a parameter that 
characterizes the tumor. As an example, in FDG-PET imag 
ing, radiolabelled glucose is preferentially taken up by 
tumor cells. As another example, ProstaScint binds to PSMA 
(prostate specific membrane antigen), which is overex 
pressed in prostate cancer. Other non-image clinical data 
regarding the patient may also be imported for use in later 
analysis. AS an example, for the prostate cancer Surgical 
planning application described later in this document, ProS 
taScint-based isonumeric contour data, the serum PSA 
value, the biopsy Gleason Score value, and the clinical Stage 
can be combined in a prognostic factor model used to predict 
the likelihood of extra-capsular extension or cavernous 
nerve involvement. AS another example, for using changes 
in isonumeric contours and contour relationships to predict 
the likelihood of lung cancer complete response to chemo 
therapy, factorS Such as tumor histology and tumor grade can 
be integrated into the predictive models. 

0025 AS indicated at process block 52 a second step is to 
produce an isonumeric image using the imported images. AS 
will be discussed in more detail below, an isonumeric image 
is comprised of one or more contours which indicate a 
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Selected threshold level of a measured tumor parameter in 
the image. For example, the parameter may be FD-glucose 
uptake in a PET image, and the Selected intensity level is a 
threshold of gamma radiation level which indicates the 
presence of a tumor in the human breast. The isonumeric 
contour can be viewed as a three-dimensional, closed con 
tour Surface which defines a boundary in three-dimensional 
Space, or it can be viewed as a two-dimensional, open or 
closed contour line which defines a boundary in two 
dimensional Space. A Set of three-dimensional isonumeric 
contours, of varying threshold values, can be sliced to form 
a Series of two-dimensional contour lines. AS Shown in 
FIGS. 5A and 5B, an isonumeric contour line 54 may be 
displayed on the anatomical image to indicate where in the 
anatomy the tumor is located. As shown in FIG. 5C, the 
Same isonumeric contour line 54 can be displayed Separately 
from the anatomy in much larger Scale in order to better See 
the details of its shape. 
0026. The treatment of cancer is an iterative process in 
which a therapy is repeatedly employed and the tumor is 
repeatedly imaged and analyzed. These acquired images and 
their corresponding isonumeric images are Stored in a case 
study storage 56. As shown in FIG. 5C, the isonumeric 
images from a Series of Such images may be registered with 
each other and displayed to reveal and analyze the results of 
the therapy. In the example shown in FIG. 5C, the tumor has 
shrunk in size from an initial acquisition indicated by dashed 
line 58 and a first treatment indicated by dotted line 60. By 
Storing the case history as a Series of iSonumeric images, the 
results of the treatments can thus be easily Seen and ana 
lyzed. 

0027. As indicated in FIG. 2 by process block 62, the 
acquired isonumeric image may be analyzed to produce 
information that is valuable in recommending or planning 
further treatment. This step is shown in more detail in FIG. 
4. More Specifically, characteristics related to the tumor as 
defined by the isonumeric contour image, including charac 
teristics of individual contours and characteristics related to 
relationships between contours, are calculated at proceSS 
block 64. These may include the following: calculate vol 
ume of each contour, calculate Surface area of each contour; 
calculate shape characteristics, calculate median, mean, 
peak intensity values for Voxels confined within a contour 
defined Volume, calculate contour distances from reference 
points or center; calculate distances of contours from each 
other, calculate Volumes of contours containing contours of 
progressively increasing intensity (“elevations”); calculate 
Volumes of contours containing contours of progressively 
decreasing intensity ("depressions”); calculate differences in 
threshold intensity levels, maximum or minimum intensity 
level within elevation or depression, Versus contour repre 
Senting base of depression or elevation, calculate locations 
of depressions and elevations, and calculate range or aver 
age thickness of contours. These are only a Sampling of the 
calculations that may be made employing the isonumeric 
images. All the calculated values are Stored in the case Study 
Storage as indicated at proceSS block 65. 
0028. The numbers, sets of numbers, graphs, and equa 
tions representing pre-therapy isonumeric contours or con 
tour Sets Stored in case Study Storage 56, can then be 
compared to numbers, Sets of numbers, graphs, or equations 
from post-therapy images, as indicated at process block 66. 
In response to therapy (Such as chemotherapy or radiation 
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therapy) a tumor's physiology may change Significantly, 
without a significant change in the size, Surface area, or 
shape of a contour representing only the tumors outer 
boundary, especially early in therapy. Therefore, numeric 
and morphologic parameters of multiple isonumeric con 
tours within an image, as well as the numeric and Spatial 
relationships between Such isonumeric contours within an 
image, can be analyzed. The results of Such an analysis can 
be represented by a number, a set of numbers, graphs, or 
equations. 

0029. The changes can be calculated as indicated at 
process block 67 and represented by Separate numbers, 
groups of numbers, graphs, and equations. AS indicated at 
process block 69, these changes, in turn, are compared to 
changes in a data bank 68 of changes for which the extent 
of response, ultimate degree of response, or clinical outcome 
is known. As indicated by process block 70, the extent of 
response or likelihood of complete response or other favor 
able clinical outcome, can then be indicated, in percentage 
terms or by response category (i.e. progression, no response, 
minimal response, moderate response, complete response). 
0030 AS indicated at process block 71 the system will 
also recommend changes in therapy based on the compari 
Son of iSonumeric images acquired at different Stages of 
treatment. Such recommendations are based on rules which 
are Stored in a rules engine 72 and the recommendation is 
indicated on the display 12. The rules engine Stores a 
plurality of rules that relate measured changes in the tumor 
parameters calculated above to Suggested further therapy. 
The rules are of the form: For tumor type, if number 
treatment type treatments have been performed and change 
in calculated tumor parameter change name is <=>num 
ber, then indicate message. They are Sorted by tumor type 
Such that only those rules for the particular tumor type in 
question are tested. If a rule tests true, then the indicated 
treatment Suggestion message is displayed. 

0031. As an example, breast cancer can be treated in a 
neoadjuvant fashion (chemotheapy prior to Surgical resec 
tion). Isonumeric contours from PET imaging prior to treat 
ment initiation may be compared to isonumeric contours 
from PET images obtained just prior to cycle two of che 
motherapy. If this comparison reveals that the degree of 
response to chemotherapy, or the likelihood of complete 
response to therapy, is low, different chemotherapy agents 
could be recommended for cycle two of chemotherapy. 
Alternatively, the patient could proceed directly to Surgery. 
AS a Second example, one cycle of chemotherapy could be 
administered just prior to reSection of a brain glioblastoma 
multiform. Isonumeric contours from MRI images obtained 
prior to chemotherapy administration could be compared to 
those from MRI images obtained a few days after chemo 
therapy administration, just prior to resection. If the analysis 
reveals that the tumor is minimally Sensitive to the chemo 
therapy, different chemotherapy could be recommended 
adjuvantly (post-operatively). As a third example, isonu 
meric contours from physiologic images obtained prior to 
radiation therapy administration could be compared to 
isonumeric contours obtained mid-way through a multi 
week course of radiation therapy. If the analysis reveals a 
Significant response to radiation therapy, or a high likelihood 
of complete response, the total radiation therapy dose could 
be reduced. In performing this analysis it is important to 
understand that the absolute values of Voxel intensity values 
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used to produce an isonumeric image are related to many 
factors, including but not limited to dose of imaging contrast 
agent administered, time between contrast agent adminis 
tration and image acquisition, duration of image acquisition, 
baseline metabolic rate, body water content, and oral intake 
prior to imaging. If imaged twice in rapid Succession, for 
example, a particular area in a tumor may therefore be 
represented by two different absolute voxel intensity values 
or isonumeric contours. Isonumeric contours should there 
fore be mathematically normalized prior to analysis to take 
into account Such variables. 

0.032 Referring again to FIG. 2, the final step in the 
proceSS is to determine the Subsequent therapy as indicated 
at process block 74. This includes using the results of the 
above-described analysis to automatically recommend a 
modification in the next chemotherapy cycle's drugs, doses, 
or intervals, to increase or decrease the planned radiation 
therapy dose; or to proceed to Surgery. In Some cases, an 
output image of the tumor Volume is provided, Such as for 
modification of the radiation therapy field borders, or to 
Serve as a Surgical dissection plane. The output image may 
contain all isonumeric contours within the range of Voxel 
intensity values comprising that image. Alternatively, the 
user may Select one or a Series of threshold values of internal 
isonumeric contours (contours inside of the outer boundary 
contour) to be displayed, using one of Several methods 
outlined below. This is particularly relevant in three clinical 
Scenarios. First, if the diagnostic System to be programmed 
is used purely for image display, it may be helpful to have 
only a few isonumeric contours shown, So that if Overlaid 
upon an anatomic image, anatomic details can Still be 
appreciated. Second, the output image may be conveyed 
through the therapeutic drive circuit 42 to a radiation therapy 
system such as that disclosed in U.S. Pat. No. 5,418,827 
issued on May 23, 1995 and incorporated herein by refer 
ence. The radiation therapy System registers the output 
image with its coordinate System reference and the patient, 
and then uses the isonumeric output image of the tumor to 
produce a set of dose maps which indicate the treatment 
level in a corresponding Set of Slices through the tumor. By 
producing an isonumeric output image having a plurality of 
contour Surfaces corresponding to a plurality of different 
threshold values of particular mathematical or clinical Sig 
nificance, the contourS Serve as “internal borders' to guide 
the differential delivery of radiation doses across the tumor 
or organ being targeted. AS an example, based on internal 
isonumeric contours, intensity modulated techniques may be 
used to deliver high radiation therapy doses to contour 
defined high risk areas, and low doses to contour-defined 
low risk areas, particularly if these low risk areas are located 
adjacent to critical Structures. Similarly, high-risk areas as 
defined by contours may be given an extra “boost of 
Stereotactically delivered radiation therapy, once conven 
tional radiation therapy delivery is complete. 
0033. As shown in FIG. 6, for example, three isonumeric 
contour lines 100,102 and 104 are displayed for a particular 
slice through a tumor. The contour 102 corresponds to the 
measured boundary of the tumor at this slice location which 
requires a normal dose, and contour 104 indicates the 
boundary of a high-risk part of the tumor which requires a 
higher dose. The contour 100 defines a region around the 
tumor which is prescribed a lighter dose, and this isonumeric 
contour 100 has been manually altered at 106 to avoid 
harming critical tissues. Analysis of changes in contours and 
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contour patterns during a multiple-week course of radiation 
therapy, along with comparison of these changes to a data 
bank of changes for which the ultimate degree of response 
and long-term control is known, can lead to recommenda 
tions for mid-treatment alterations in the prescription of 
differential dose acroSS a tumor or organ target. Third, the 
display of contours according to mathematical and clinical 
Significance may help determine therapeutic ratioS related to 
Surgery and radiation therapy. It may make Sense in the case 
of a glioblastoma multiform, for example, to use contours to 
define high-risk, intermediate high-risk, intermediate-low 
risk, and low risk areas, to be approached with Surgery, 
Stereotactic radioSurgery, high-dose fractionated intensity 
modulated radiation therapy, and low-dose fractionated 
intensity modulated radiation therapy, respectively. 
0034. The output image used to determine or control 
Subsequent therapy is often the most recent isonumeric 
contour image produced at one or more threshold values as 
in FIG. 5C or the isonumeric image may be superimposed 
on the anatomic image as in FIGS. 5A and 5B. As a result 
of the analysis, however, the isonumeric image may also be 
modified before being output, or may be placed in a format 
that will allow modification in a separate therapeutic System 
(such as DICOM-RT). Such modification may be done by 
manually redrawing the tumor boundary or the modification 
may be done automatically by changing the threshold level. 
For example, the most recently produced isonumeric image 
may indicate the current boundary of a malignant tumor, but 
the threshold level used to produce that isonumeric image 
may be reduced in order to increase the size of the tumor 
boundary in the output image. This may be done to increase 
the size of the treatment region. On the other hand, changes 
may be made over portions of the isonumeric boundary 
image to avoid damaging critical tissues during therapy. This 
is particularly necessary when treating brain tumors and 
prostate tumors. 

0035) It should be apparent that while the isonumeric 
images have been described herein for use in a radiation 
therapy System, these images also have other useful appli 
cations. For example, the isonumeric images may be output 
to an image guided Surgery System which registers the 
isonumeric contour(s) with a real-time imaging System used 
by a Surgeon. Similarly, it can be used for real-time guidance 
of other local procedures, Such as cryotherapy, radiofre 
quency ablation, therapeutic ultrasound, and image-guided 
biopsy. Isonumeric contours can also be used to choose the 
imaging Source to be used for guidance or targeting. AS an 
example, the degrees of overlap and underlap of Selected 
contours from two Separate imaging Sources performed at 
the same point in the therapeutic course can be calculated. 
Based on these calculated values, the user may decide to use 
images from one imaging Source, to use images from the 
other imaging Source, or to use contours from both imaging 
Sources. The System described herein is capable of forming 
composite target Volumes from two or more contours and 
from two or more imaging Sources. 
0036) Isonumeric contours can also be used for the appli 
cation of Surgical planning. In the preferred embodiment 
Surgical planning is implemented in the Stand-alone com 
puter WorkStation used to create the isonumeric contours. AS 
an example, ProStaScint images, in the form of isonumeric 
contours, of a prostate containing prostate cancer can be 
viewed overlaid upon anatomic (Such as CT) images of the 
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prostate gland. The anatomic location of neural Structures 
critical to Sexual potency are digitized on a Slice by Slice 
basis. The Slices are converted to a Volume, using Standard 
techniques used in most radiation therapy planning and 
Surgical guidance Systems. The relative locations of the 
nerves and the tumors within the prostate gland, as defined 
by isonumeric contours, are displayed. The distance of the 
isonumerically-defined tumor from the nerves is calculated. 
The quantity of tumor in the proximity of the nerves is 
quantified, based on the Volume of the contour containing 
tumor and the relative intensity of the tumor relative to 
normal prostate baseline. If desired, the distance and tumor 
quantification values can be compared to values in a data 
bank of values for which the pathologic relationship 
between tumor and nerve is known. The Surgeon can then 
make a decision with regard to the appropriate level of 
aggressiveness in dissecting prostate from nerve during 
prostatectomy. 

0037 Images made up of multiple isonumeric contours 
can also be used in diagnosis. Mathematical parameters 
related to individual contours comprising a tumor or SuS 
pected tumor, or related to the relationships between mul 
tiple contours comprising a tumor or Suspected tumor, can be 
expressed as numbers, Sets of numbers, graphs, or equations. 
These numbers, Sets of numbers, graphs, or equations can be 
compared to numbers, Sets of numbers, graphs, or equations 
in a case Study Storage bank for which the diagnoses have 
been established. Based on these comparisons, a rank order 
list of differential diagnoses can be established (with percent 
likelihoods). Alternatively, isonumeric images can be 
directly compared to isonumeric images in a case Study 
Storage bank for which the diagnosis has been established. 
Finally, changes in isonumeric contours or isonumeric con 
tour Sets following administration of Small doses of a 
therapeutic agent can be calculated, and compared to 
changes in contours or contour Sets in a case Study Storage 
bank for which the diagnosis has been established. 
0038) Referring particularly to FIG. 3, the production of 
an isonumeric image can be accomplished in a number of 
ways. AS indicated at process block 80, most medical images 
require filtering to improve the results and reduce the 
processing time. For example, this Step gives the user the 
option of Selecting a region in the image for processing 
rather than processing the entire image. The user draws a 
line or creates a box around the region containing the tumor, 
making Sure to allow ample Space around its boundary. 

0039. As indicated by process blocks 82, 84 and 86, one 
or more threshold levels are then determined. As described 
above, the threshold level determines the voxels that have a 
tumor parameter value through which the isonumeric con 
tour is drawn. As indicated at process block 82 this threshold 
level may be selected manually. For example, with a pan 
creatic tumor that is imaged with FDG-PET, the tumor 
boundary level may be set in an iterative process in which 
different threshold levels are selected and the resulting 
isonumeric contour is examined to See the relationships 
between the target (pancreatic tumor) and critical radiosen 
Sitive structures, Such as the duodenum. This iterative pro 
cess is indicated in FIG. 3 by dashed line 88. 

0040 AS indicated by process block 84, the threshold 
level(s) can also be calculated, based on mathematical or 
clinical Significance related to the diagnostic or therapeutic 
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intervention chosen. Such values can be calculated by exam 
ining the acquired image itself, by examining other acquired 
images, or by using other clinical data Such as pathology 
data or the like. For example, research may determine that 
a contour delineating the Outer border of area within a 
non-small cell lung cancer that should be “boosted” with 
Stereotactic irradiation, is of no clinical Significance for a 
Small-cell lung cancer, due to the much greater radioSensi 
tivity and chemosensitivity of Small cell lung cancer, relative 
to non-Small cell lung cancer. Research may show that for 
non-Small cell lung cancer, a “hot” area within a tumor is 
clinically relevant even if the difference in intensities 
between the hot area and the rest of the tumor is relatively 
small. On the other hand, it may be determined that for a hot 
area to be significant enough to require boost irradiation 
(and, therefore, automatic contour display) in Small cell lung 
cancer, the difference in threshold values for the hot area 
Versus the rest of the tumor must be much greater, even if the 
hot area for Small cell lung cancer is defined by a contour of 
minimal Spatial or Volume difference from adjacent con 
tourS. 

0041 And finally, as indicated by process block 86, 
previously determined threshold values(s) may be used. This 
is normally the case when the current examination is the 
Second or later iteration in the treatment process. In this case 
the change in the tumor due to the last round of therapy is 
of paramount importance and the same threshold level(s), 
normalized if necessary, should be used to measure that 
change. 

0042. After the threshold level(s) has been set, the image 
data are examined as indicated at process block 90 to locate 
those voxels at this level(s). This is done by comparing the 
value of each image voxel with a threshold level and 
building a separate bit map image in which VOXel locations 
having the threshold level are set to “1” and all other voxels 
are reset to “0”. Rather than a single threshold value, 
however, a Small range of values around the threshold level 
can be accepted. The size of this range is set to a default 
value, but it can be adjusted by the operator and the Step 
repeated to obtain the best possible contour. The resulting bit 
map image(s) will reveal the outline of the tumor at the 
threshold value. This is repeated for each threshold value 
Such that a bit map image is produced for each. These bit 
map images are then combined into a single image in which 
each contour is displayed with a different color to keep them 
Separate. 

0043. In many clinical applications the threshold value is 
compared directly with the image Voxel values as described 
above. However, there are also clinical applications where 
the image Voxel values are processed in Some manner before 
the comparison is made. For example, in multi-slice and 3D 
magnetic resonance Spectroscopic imaging, VOXel intensity 
levels are proportional to molecular concentrations. ISOnu 
meric contours can be created, for which the thresholds 
chosen represent particular concentrations of a particular 
molecule. Since Studies have shown that ratioS of molecular 
concentration are particularly important in distinguishing 
tumor from normal tissue, ratioS between two molecules for 
each Voxel can be calculated. Isonumeric contours can be 
created based on the ratios of intensity values (concentra 
tions), rather than the intensity values themselves. In any 
case, the comparison is made between the Selected threshold 
and Voxel values derived from the imported image. It should 
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also be apparent that more than one tumor parameter may be 
used to produce the isonumeric image. For example, a 
threshold may be selected from an FDG-PET image indi 
cating a region of high metabolic activity within a tumor, 
while a threshold may be selected from tumor hypoxia 
imaging indicating a region of hypoxia. Since the FDG and 
tumor hypoxia images are registered with each other, these 
contours can be overlaid upon each other, or upon an 
anatomic image. These isonumeric contours can also be 
combined into a Single 3D contour for targeting purposes. 

0044. Due to a number of factors, including image noise, 
the bit map image at each threshold will usually not be a 
continuous 3D surface, but instead, it will show portions of 
Such a Surface with missing parts and it will have many 
disconnected, or Stray Voxels Set to “1”. AS indicated at 
process block 92, the next step is to connect “set voxels to 
form a continuous 3D Surface and reset the Stray VOXels that 
are not a part of this Surface. This is accomplished by first 
resetting Stray Voxels that are disconnected by examining the 
State of Surrounding Voxels. If all the Voxels Surrounding a 
Set Voxel are reset, it is considered a Stray and it is reset. This 
filtering is repeated to identify Stray groups of 2 through in 
Voxels, where they are Surrounded by 2 through in layers 
respectively of reset voxels. The value of n can be adjusted 
upward and the Step repeated until the Stray Voxels are 
removed from the bit map images(s). Then, the remaining 
Set voxels are used in an interpolation process to fill in any 
missing portions of the 3D contour Surface. A cubic spline 
interpolator is used for this step. AS indicated at process 
block 94, the resulting isonumeric image is then Saved in 
case Study Storage 56. 

0.045. It should be noted that more than one isonumeric 
contour may result from a single threshold applied to a 
heterogeneous tumor image. This can occur at many differ 
ent thresholds when the tumor is more in the nature of two 
Side-by-side tumors, but it is more common to see multiple 
isonumeric contours in a Single tumor at a high threshold 
value. In Such cases each isonumeric contour indicates those 
locations in the tumor where the measured tumor parameter 
has reached peak values above the threshold. 

0.046 Since the isonumeric image is derived from the 
original imported image, it is registered with that image. 
Therefore, the isonumeric image may be easily merged with 
the original imported image or any other “anatomic' image 
or System that is registered there with. 

0047. An important aspect of the system described herein 
is that it facilitates dynamic administration of cancer treat 
ment. In this context, dynamic means that cancer therapy is 
administered, the response is assessed, and based on the 
degree of response or the likelihood of continued response, 
recommendations are automatically made regarding the next 
Step of treatment. AS an example, after images are analyzed, 
the user is automatically prompted to change the dose of a 
drug in the next chemotherapy cycle, to change the chemo 
therapy agents used in the next cycle of chemotherapy, to 
change the interval between chemotherapy cycles, to pro 
ceed to Surgery, to perform a more or leSS eXtensive Surgery, 
to change the planned radiation therapy dose, to change the 
radiation therapy fields, to add a Stereotactic radiation boost, 
etc. While the user can independently make treatment 
related decisions based on image analysis outcomes, he is 
also prompted to treat in accordance with image analysis 
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based recommendations that have been programmed into the 
System. It is anticipated that if left to make therapeutic 
decisions on their own based on isonumeric image analyses, 
oncologists would make decisions that are quite disparate. 
The automatic prompting of dynamic treatment recommen 
dations will lead to decision-making in accordance with 
established protocols, will lead to evidence-based decision 
making, and will increase the likelihood of consistent deci 
Sion-making among oncologists. 

1. A method for analyzing an image of a tumor, the Steps 
comprising: 

a) Selecting a threshold value which is indicative of a 
parameter of the tumor; 

b) comparing the Selected threshold value with values 
derived from image Voxel values, 

c) producing an isonumeric image that depicts a contour 
of the tumor by Setting Voxels therein to indicate where 
in the image the derived image Voxel values are Sub 
Stantially the same as the threshold value; and 

d) analyzing the isonumeric image. 
2. The method as recited in claim 1 in which the isomu 

meric image is merged with the image to depict the isonu 
meric image overlaying anatomic Structures depicted in Said 
image. 

3. The method as recited in claim 1 in which a plurality 
of threshold values are selected and compared in steps a) and 
b) and the isonumeric image depicts a corresponding plu 
rality of contours. 

4. The method as recited in claim 1 in which the image is 
a three-dimensional image and the isonumeric image is a 
three-dimensional contour. 

5. A dynamic tumor diagnostic and treatment System 
which comprises: 
means for importing an image of a tumor; 
means for producing from the imported image an isonu 

meric image which depicts a contour indicative of 
locations in the imported image having a Selected 
threshold value of a tumor parameter; 

a case Study Storage for Storing isonumeric images, and 
means for analyzing the tumor depicted in the imported 

image by comparing the isonumeric image produced 
from the imported image with previously produced 
isonumeric images Stored in the case Study Storage. 

6. The system as recited in claim 5 in which the isonu 
meric images are three-dimensional images and the means 
for analyzing includes means for calculating the Volume of 
a contour depicted in an isonumeric image. 

7. The system as recited in claim 5 in which the isonu 
meric images are three-dimensional images and the means 
for analyzing includes means for calculating the Surface area 
of a contour depicted in an isonumeric image. 

8. The system as recited in claim 5 in which the means for 
producing an isonumeric image includes means for compar 
ing the selected threshold value with values derived from 
VOXel values in the imported image. 

9. The system as recited in claim 5 in which includes 
means for exporting isonumeric images to a therapeutic 
System. 
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10. The system as recited in claim 5 which includes: 
means for predicting the outcome of further treatment of 

the tumor based on the results of the comparison 
analysis. 

11. The system as recited in claim 5 which includes: 

means for indicating further treatment of the tumor based 
on the results of the comparison analysis. 

12. The system as recited in claim 11 in which the means 
for indicating includes a rules engine that Stores a plurality 
of rules. 

13. A dynamic tumor diagnostic and treatment System 
which comprises: 

means for importing an image of a tumor; 
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means for calculating values of parameters that measure 
the tumor; 

a case Study Storage for Storing the calculated parameters, 
means for analyzing the tumor depicted in the imported 

image by calculating changes that have occurred in 
tumor parameters based on parameters previously 
Stored in the case Study Storage; and 

means for indicating further treatment of the tumor based 
on a calculated change. 

14. The system as recited in claim 13 in which the means 
for indicating includes a rules engine which Stores a plurality 
of rules that relate changes in a tumor due to prior treatment 
to a Suggested further treatment. 
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